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(57) ABSTRACT 

A method is disclosed for controlling a multi-noZZle CIJ 
printhead having a pressure modulator for causing streams 
of ink emitted from the noZZles to be broken up into 
individual droplets, and charge electrodes 6 and charge 
electrode controllers for controllably applying a charge to 
individual ones of the droplets in each stream. The method 
involves generating a modulation Waveform to operate the 
pressure modulator to cause droplets to be generated in each 
stream and operating the charge controllers to supply a 
charge signal Waveform to each charge electrode. The 
charges applied to the streams of droplets are compared to 
a reference or threshold value. The number of droplet 
streams in Which the droplet charges exceed the reference or 
threshold value is determined plural times and an average 
value for the number is calculated. This step is repeated a 
number of times and if the average is less than the average 
previously calculated then the threshold or reference value is 
reduced. 

8 Claims, 8 Drawing Sheets 
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CONTINUOUS INKJET PRINTHEAD 
CONTROL 

This invention relates to a method and apparatus for 
controlling a multi noZZle ink jet printhead. 

There are tWo general types of ink jet printing, drop-on 
demand (DOD) and continuous (CIJ). Drop-on-demand 
printing, as its name suggests, produces droplets of ink as 
and When required in order to print on a substrate. Continu 
ous ink jet printing, to Which the present invention relates 
requires a continuous stream of ink Which is broken up into 
droplets Which are then selectively charged; either charged 
or non-charged droplets are alloWed to pass to a substrate for 
printing, charged droplets being de?ected in an electric ?eld 
either on to the substrate or into a gutter (according to design 
Where the non-printed droplets are collected for re-use. In 
the ?rst case, the droplets are de?ected by an electric ?eld 
onto the substrate With the uncharged drops going straight on 
to be collected in a gutter for re-use. The amount of charge 
also determines the relative printed position of the drops. In 
the second case, the droplets are de?ected into an offset 
gutter, With the printing drops being the uncharged ones 
going straight onto the substrate. The obvious advantage of 
printing With the uncharged drops is that, in a multi-jet 
printer Where several drop generators are aligned perpen 
dicular to a moving substrate, the alignment of the drops 
printed on the substrate is not dependent on the ability to 
accurately and uniformly charge the drops. As long as the 
charge on the droplets is suf?cient for the drops to be 
de?ected into the gutter aperture, small variations in the 
charge applied Will not affect the quality of the resulting 
print. This second type of printer is generally knoWn as a 
binary jet printer as the droplets are either charged or 
uncharged (and do not intentionally carry varying amounts 
of charge that determine print position). 

In typical continuous ink jet printers the printhead has a 
droplet generator Which creates a stream of droplets of ink 
by applying a pressure modulation Waveform to the ink in a 
cavity in the printhead and the continuous ink stream leaving 
the printhead breaks up into individual droplets accordingly. 
This modulation Waveform is usually a sinusoidal electrical 
signal of ?Xed Wavelength. The stream of ink leaving the 
printhead breaks up into individual drops at a distance (or 
time) from the printhead commonly knoWn as the break-up 
point, that is dependent on a number of parameters such as 
ink viscosity, velocity and temperature. Provided these and 
other factors are kept relatively constant, then a given 
modulation Waveform Will produce a consistent break-up 
length. In order to induce a charge on the droplet, the 
charging Waveform must be applied to the stream at the 
moment before the drop separates from the stream, and held 
until the drop is free (ie. must straddle the break-up point). 
It is therefore necessary to knoW the phase relationship 
betWeen the modulating Waveform and the actual drop 
separating from the stream (ie. during Which part of the 
sinusoidal modulation Waveform does break-up occur). 

One method of determining this phase relationship 
involves a charge detector (and associated electronics), 
positioned someWhere after the charging electrode, Which 
can detect Which drops have been successfully charged. A 
half Width charging pulse, progressively advanced by knoWn 
intervals relative to the modulation Waveform, is used to 
attempt to charge the droplets and the detector output 
analysed to determine correct charging. Because of the half 
Width pulse, theoretically half the tests should pass and half 
should fail. The full Width pulses used for printing Would 
then be positioned to straddle the detected break-up point. 

10 

15 

25 

35 

45 

55 

65 

2 
The number of intervals that the Waveform is divided into, 
and therefore the number of possible different phases, can 
vary from system to system, but usually the timing is derived 
from a common digital close signal, and therefore is usually 
a binary poWer (ie. could be 2, 4, 8, 16, 32 etc.). Typically, 
2 and 4 intervals Would not give suf?cient resolution, and 32 
intervals upWards Would make the tests too time consuming. 
Using 16 intervals (ie. 16 different phases) is considered to 
give more than adequate accuracy Without involving a 
detrimental number of tests. 

In a multi-jet print, due to manufacturing tolerances of 
the noZZles and the characteristics of the (usually common) 
ink cavity, the break-up point for each of the streams, and 
therefore the phase setting for printing Will be different. 

Modern multi-jet printers, in order to be able to print 
high-quality graphics and true-type scalable fonts, utilise a 
large number of ink streams, placed very closely together 
(typically 128 jets at a spacing of 200 microns). 

Although it has proved possible to manufacture charge 
electrodes at the required spacing, to individually charge the 
streams, it Would not be practical to duplicate eXisting 
charge electrode driver circuitry 128 times, and so current 
trends lean toWards the use of an integrated driver solution 
in Which a large number of the drive circuits are imple 
mented in one Integrated Circuit device, in order to save 
space, reduce poWer etc. With such a device, for practical 
reasons, it is not possible to enable, or set the level of 
charging voltage on an individual jet basis, and so all the 
high voltage drivers Within the device have a common 
enable and common poWer supply. 

Additionally, at present it is not possible to have a 
separate phase detector for each stream. The probability is 
that the individual detectors Would never be able to isolate 
the charge from their oWn stream from the effects of any 
adjacent streams. 

As a ?nal handicap to eXisting phasing methods being 
applied to this type of printer, it must be noted that the 
“normal” condition for the drop stream, ie. not printing, is 
for all the drops to be charged. Therefore, to test individual 
jets Would require the detection of the non-charged state, 
resulting in ink being sent to the substrate. Also, the phase 
detector circuitry Would more than likely not be able to 
distinguish the change in charge passing the detector When 
a single jet Was turned off, against a background of 127 jets 
still on. 

At different phase settings, a phase detector electrode and 
associated circuit are used to determine the accumulated 
charge on simultaneously produced droplets Which have 
been charged by the charge electrodes and a determination 
is made as to Whether or not the accumulated charge is above 
or beloW a reference or threshold value. If it is, then that 
phase is considered to have passed the test. In an ideal 
system, once the phase detector has been tested, the thresh 
old value Would then be standard across all printers of that 
design. In practice, manufacturing tolerances and varying 
operating conditions mean that the background noise level 
varies not only from machine to machine, but also during 
operation, and this has an effect on the charge that the phase 
detector ‘sees’ and hence on the appropriateness of the 
threshold level. The problem is insigni?cant When ?rst 
phasing the jets (at start-up as described in our British patent 
application no. 96267067 and our co-pending International 
patent application reference MJB05643WO When only the 
jet under test has to be charged), but is signi?cant When, 
during printing, phasing is carried out as described in our 
British patent application no. 96267075 and our co-pending 
International patent application reference MJB05642WO, 
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When all non-test drops have to be charged and the noise 
conditions vary substantially. 

Accordingly, there is a need to adjust the threshold 
automatically, prior to phasing the jets during printing 
pauses and the present invention is directed toWards this 
requirement. 

According to the present invention there is provided a 
method for controlling a multi-noZZle ink jet printhead 
having a pressure modulator for causing streams of ink 
emitted from the noZZles to be broken up into individual 
droplets, and charge electrodes and charge electrode con 
trollers for controllably applying a charge to individual ones 
of the droplets in each stream, the method comprising 

generating a modulation Waveform to operate the pressure 
modulator to cause droplets to be generated in each 
stream; 

operating the charge controllers to supply a charge signal 
Waveform to each charge electrode; comparing the 
charges applied to the streams droplets to a reference or 
threshold value; 

determining, a plurality of times, the number of droplet 
streams in Which the droplet charges exceed the refer 
ence or threshold value and calculating an average 
value for the number; 

repeating the step of determining, a plurality of times, the 
number of droplet streams in Which the droplet charges 
eXceed the reference or threshold value and calculating 
an average value for the number; and, if the average is 
less than the average previously calculated then reduc 
ing the threshold or reference value. 

Preferably, if the average is less than the average previ 
ously calculated then the average is compared With a pre 
determined value and if the average is less than the Rede 
termined value then the threshold or reference value is 
adjusted until the average determined in the neXt repeated 
step is greater than the previous average. 

The number of droplet streams determined as having 
droplets With a charge exceeding the threshold or reference 
value may be determined individually or, Where groups or 
blocks of charge electrodes have a common charge 
controller, together in accordance With a determination 
carried out for each block or group. 

The ‘phasing’ method is preferably carried out in accor 
dance With the methods described in our applications 
referred to above. 

One eXample of a method according to the present inven 
tion Will noW be described With reference to the accompa 
nying draWings, in Which: 

FIG. 1 is a side vieW of the printhead of a multi-noZZle CIJ 
printer as described in our British Patent Application No. 
95259701; 

FIG. 2 is a diagram illustrating the process of start-up 
phasing; 

FIG. 3 illustrates a portion of the modulation voltage 
Waveform applied to the droplet generator; 

FIG. 4 illustrates an eXample of hoW the modulation 
WindoW varies across the multiple noZZles in the printhead; 

FIG. 5A illustrates eXamples of the possible spread of 
phase values; 

FIG. 5B illustrates an examples of the possible spread of 
phase values for a complete block or group of jets; 

FIG. 6 illustrates the circuitry of a charge electrode 
controller; 

FIG. 7 is a ?oWchart illustrating the phasing procedure 
according to an eXample of the present invention, and, 

FIG. 8 is an illustration of Waveforms suitable for charg 
ing single jets during start-up and suitable for charging all 
jets in a block or group during printing; and 
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4 
FIGS. 9A & 9B constitute a ?oWchart of a method 

according to the invention. 
The printhead shoWn in FIG. 1 is described in more detail 

in our British Patent Application No. 95259701. Since not 
all the features shoWn in FIG. 1 are relevant for a description 
of the present invention only the primary features Will be 
referenced and described. Additionally, tWo methods of 
determining the phasing of the charge electrode Waveforms 
relative to the modulation Waveform are described as back 
ground to the method of the invention. 
The printhead shoWn in FIG. 1 is described in more detail 

in our British Patent Application No. 95259701. Since not 
all the features shoWn in FIG. 1 are relevant for a description 
of the present invention only the primary features Will be 
referenced and described. 
The printhead has an electronics sub-system 1 by means 

of Which are controlled the pieZoelectric oscillator 2 forming 
part of a droplet generator 3 Which has a noZZle plate 4 from 
Which, in use, issue plural streams 5 of ink. The closely 
spaced noZZles are arranged in a roW normal to the plane of 
the draWing. The streams of ink break up into individual 
droplets Which pass respective charge electrodes 6 also 
arranged in a roW in the same direction, Where they are 
selectively charged and then passed betWeen a pair of 
de?ection electrodes 7, 7‘ Which establish, in use, an electric 
?eld by means of Which charged droplets are de?ected from 
their straight-line path into a gutter 8. Formed in the face of 
the de?ection electrode 7‘ is a phase detector electrode (not 
shoWn) Which is used to detect the charge applied to droplets 
by the charge electrode 6. The phase detector electrode is 
described more fully in our British patent application no. 
96266861 and our co-pending International patent applica 
tion reference MJB05548WO. 
The modulation Waveform applied to the pieZoelectric 

oscillator 2 and used to generate a corresponding pressure 
modulation Within the droplet generator 3 so that the streams 
5 of ink break up into droplets, is a sinusoidal electrical 
signal, part of Which is shoWn in FIG. 3 and FIG. 5A. The 
amplitude of the modulation voltage is controlled from the 
electronics module 1 and can be set by appropriate softWare. 
As long as the ink parameters (composition, viscosity, 
temperature) are kept constant then a de?ned modulation 
Waveform Will produce a consistent drop break off pattern 
from each noZZle. This means that the time betWeen the 
Zero-point on the Waveform and the time When the drop 
breaks aWay from the stream Will be constant (ie. there is a 
constant phase relationship betWeen the modulation Wave 
form and the break up point of the ink stream). This fact can 
be used to set a ?xed relationship betWeen the charge 
Waveform applied to the charge electrode 6 and the droplet 
break up rate. The charge electrode Waveform and the 
modulation Waveform are derived from a common system 
clock Within the electronics module 1. 

For the purposes of printing, the charge controller Wave 
form (see FIGS. 2 & 8) is a digital or square Waveform 
Which has a value of 0 volts for droplets Which are to be 
printed and a steady high voltage (in the region of 60—180 
volts) for non-printable droplets. The transition betWeen the 
tWo voltage values is very rapid (of the order of 0.5 
microseconds). The phase of the charge controller Waveform 
determines When the transition occurs betWeen the tWo 
voltages. 

Droplet charging arises from the fact that there is a small 
capacitance betWeen the droplet being formed and the 
charge electrode. A voltage on the charge electrode thus 
causes a small displacement current to ?oW in the ink jet 
Which forms a collection of charge on the droplet so that 
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once the droplet has broken away from the stream it carries 
a charge Which cannot change. A steady voltage on the 
charge electrode produces a continuous stream of charged 
droplets. In a similar Way, 0 volts on the charge electrode 6 
does not induce any charge on the droplet. Furthermore, an 
uncharged droplet cannot acquire any charge once it breaks 
off the stream so that a steady 0 volts on the charge electrode 
6 Will produce a stream of uncharged droplets. 

Thus it Will be appreciated hoW critical it is to the 
charging process that the droplet break-up point (determined 
by the pressure modulation Waveform) is properly adjusted. 
This is described more fully in our British patent application 
no. 96266820 and our co-pending International patent 
application reference MJB05641WO. 

During printing the charge electrode voltage has to be 
sWitched betWeen 0 volts and the high voltage for a single 
drop period in order to alloW a droplet to be printed. In order 
to produce a drop With no charge the charge electrode 6 has 
to be held at 0 volts While the drop breaks off and, ideally, 
the charge electrode 6 is kept at 0 volts for as long as 
possible on each side of the break off point. In practice, 
hoWever, there is a limit to the time for Which the charge 
electrode voltage can be held constant Without interfering 
With the charge on the previous drop or that on the folloWing 
drop and the optimum point for changing the charge elec 
trode voltage is halfWay betWeen the break-off adjacent 
droplets. 

In the printer of this eXample, to Which the method of the 
present invention is applied, there are 128 noZZles (and a 
corresponding number of charge electrodes 6) Which are, 
effectively, divided into 8 groups of 16. A single charge 
electrode controller is used to apply the appropriate charging 
Waveform to each of the 16 charge electrodes in a group and 
thus 8 of these are provided. 
As described above it is convenient to divide each drop 

period into 16 equal segments Which alloWs the value of the 
charge electrode phase to have 16 possible values. In order 
to achieve the correct phasing to set up the printer prior to 
printing being started it has to be determined Which phase 
value places the break-up point in the middle of the charging 
pulse. FIG. 2 illustrates this process. 

At the top of FIG. 2 there is an indication of the Width of 
a drop period ie. the time betWeen adjacent droplets passing 
the charge electrode and immediately beloW that is a rep 
resentation of the 16 possible phase values. Running doWn 
the middle of the ?gure is a dotted line representing 
(arbitrarily) the point at Which the droplet breaks off. The 
charge electrode pulse is symmetric about the break up point 
in a temporal sense. 

In order to carry out a phase test as part of the set-up 
procedure, the charge electrode pulse is reduced in Width to 
eXactly half the Width of the normal pulse and is knoWn as 
a half-Width pulse. The half-Width pulse starts at the same 
time as the full pulse but ?nishes halfWay (at roughly the 
drop break-up point). If the break-up point is included Within 
the half-Width pulse then a charged drop Will be produced 
Which can be detected by the phase detector electrode 
referred to above and a positive result can be recorded Within 
the electronics module 1. If the break-up point is not 
included in the half-Width pulse then an uncharged drop Will 
be produced and consequently there Will be no detection of 
a charged drop by the phase detector electrode and the 
softWare Will record a negative result. FIG. 5 illustrates hoW 
the half-Width pulse can be scanned backWards and forWards 
across the break-up point in order to establish the position of 
the break-up point. In this eXample, each of the 16 charge 
electrodes in each group has in turn, applied to it, a half 
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6 
Width pulse Waveform Which provides a series of charging 
pulses, While the remainder of the charge electrodes in the 
group have 0 volts applied. By this means, the phase detector 
electrode Which monitors the value of charge applied to the 
droplets and Which is common to all the droplet streams can 
be used to detect Whether charge has been applied or not to 
the droplets generated in a single stream and thus determine 
the position of the break-up point relative to the charge 
controller Waveform, ie. the phasing of the break-up point to 
the charging Waveform. 

In practice it is found that there is, across the 16 droplet 
streams in each group, a spread of phase such as that 
illustrated in FIGS. 5A & 5B, and the charging Waveform is 
adjusted appropriately so that the centre of the spread occurs 
substantially at the centre of the full Width printing pulse of 
the charging Waveform. This is achieved through appropri 
ate softWare Within the electronics module 1. 

In order to charge the electrodes from a single jet, the 
controlling electronics and/or softWare must Write approxi 
mate printing data to the printhead, prior to eXecuting the 
phase tests. The data Will be such, that only a single jet Will 
be charged ie. Will have only 1 bit out of 128 set to 1 (or 0 
in the case of negative logic). If the data can be latched or 
held by the driver circuit (see FIG. 6), the same jet may be 
tested repeatedly, and at different phases, Without the neces 
sity of send more data, until the neXt jet requires testing. The 
enable of the driver device is simply pulsed With the phase 
timing charge signal. 
The phase detector can then easily distinguish the phases 

Which Work for that jet and those that do not, because for 
those that do not there Will be no charge at all passing the 
detector, as all the other jets are knoWn to be uncharged. 

In this example, Where 128 jets are controlled by 8 driver 
devices (in blocks of 16), and the enables of those devices 
are individually controllable, the overhead of Writing data 
can be still further reduced. Data can be Written across the 
Whole 128 bit Width of the array, such that the corresponding 
bit is set in each block (ie. jets 1, 17, 33 . . . Phase tests 
can noW be performed on jet 1 by pulsing only the enable to 
the device for block 1, jet 17 by pulsing the driver for block 
2 etc. In all it Would be possible to test 16 jets at all 16 
phases, before it Would be necessary to Write neW data. 

In order to reduce the effect of an occasional erroneous 
result (for Whatever reason), it is prudent to conduct the 
same tests a number of times, and taking an average of the 
results. For instance, test each jet at each phase four times, 
and only consider a phase as passed if 3 out of 4 (or all 4!) 
tests passed. Again, the four sets of tests on all phases on all 
corresponding jets in all blocks, could be completed before 
it Would be necessary to Write neW data. 

In the theoretical discussion that preceded, it Was stated 
that because a half Width pulse Was used for the phase tests, 
that half of the phases should pass for any given jet, so in this 
eXample 8 should pass and 8 should fail. In practice, due to 
noise considerations, the number of passes may vary from 
the theoretical 8, but this should not affect the determination 
that the jet can be correctly phased and at What particular 
phase. HoWever it should be checked that the phase for 
Which a jet passes to constitute a contiguous group. A 
suitable algorithm for determining that a jet can be phased 
satisfactorily is that say betWeen 4 and 12 phases results in 
passes, and that these are in a contiguous group, ie. passing 
on phases 2 to 11 represents a satisfactory jet. Passing on 
phases 2, 4, 6 and 8 to 12 does not, (even though there are 
8 passes!). 

Having obtained a set of passes for a jet and determined 
that they are both sufficient and contiguous, the correct 
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printing phase for that jet can be calculated, essentially by 
taking the mean of the phases passed, though in practice an 
empirically determined offset may be uniformly added. 
Since each group of 16 droplet streams can be phased in this 
Way, each of the charge controllers can be synchronised to 
the modulation Waveform to achieve accurate registration 
betWeen drops printed from each of the noZZles. 

Thus, the phasing of the charging Waveforms for the 8 
groups of charge electrodes can be set up prior to printing 
commencing. 

Conventionally, during printing, it has not been possible 
to carry out phasing and therefore it has been normal to 
shut-doWn the printer at intervals during the day in order to 
carry out re-phasing in order to accommodate changes in the 
operating parameters and ambient conditions. 

The method of carrying out phasing during the printing 
process is different from that used at start-up, because 
individual jets cannot be phased because of the requirement 
not to print the droplets used in phasing on to the substrate. 
Thus, all the jets in a group are effectively phased together 
by applying the same charge signal Waveform to all the jets 
in the group and by adjusting its phase relationship With the 
modulation voltage. This means that all the jets in a group 
are treated as having the same phase relationship With the 
modulation Waveform, even if this is not correct. In practice, 
it is unlikely, having phased the jets at start-up, that the 
spread of break-up lengths Will be so great as to cause 
problems. FIG. 5 illustrates examples of the spreads Which 
may occur. In the method of this example, and according to 
the invention, the poWer supply to the individual charge 
electrode controllers (one for each 16 jets as explained 
above) is reduced slightly (by say 10 or 20%), see FIG. 8, 
and a test pattern (identical charge signal Waveforms each 
comprising a set of charging pulses) is applied to the charge 
electrodes, the charge Waveform comprising half Width 
pulses as in the start-up phasing method described above, 
but having a slightly loWer value. 

The ?oWchart of FIG. 7 describes the procedure to be 
folloWed according to this example, the ?oWchart illustrat 
ing the procedure as applied initially to the ?rst of the eight 
blocks of 16 jets and, after completion of the phasing of each 
block, to the next. The phasing of the next block may occur 
after the printer has returned to actual printing, When the 
next pause occurs. 

As With phasing at start-up, the table of phase ‘passes’ can 
be analysed (see FIG. SE) to locate a suitable phase that Will 
Work for all jets in the group or block, the same requirements 
as to number and contiguity being observed. Once the mean 
of the phases that pass the test has been established, any 
required offset can be added. 

Once the phasing has been established for each group of 
droplets, the printer continues its actual printing process. 
Since phasing can be carried out in a very short period of 
time (typically a feW milliseconds), natural breaks in the 
actual printing of droplets on to the substrate can be used for 
the phasing method Without the need to delay or otherWise 
affect the actual printing being carried out by the printer. 
This is a major advantage to operators. 

To adjust the threshold or reference value in accordance 
With one example of the present invention, the method 
shoWn in the ?oWchart of FIG. 9A, 9B is employed. 

In the ?rst tWo steps there is shoWn a method of setting the 
initial threshold value to a value predetermined from the 
printhead design and testing. 

Thereafter, the threshold adjustment relies upon phase 
tests being carried out during printing (as described above 
and in connection With our British patent application no. 
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96267075 and our co-pending International patent applica 
tion reference MJB05642WO. The method is described in 
the ?oWchart as being carried out in respect of a 128 noZZle 
printhead as described above, and the averages mentioned 
are the numbers of jet streams determined on the basis of 16 
noZZles per block or group, a group or block being measured 
together as described in connection With the description of 
the method above in connection With phasing during print 
ing. 
What is claimed is: 
1. A method for controlling a multi-noZZle CIJ printhead 

having a pressure modulator for causing streams of ink 
emitted from the noZZles to be broken up into individual 
droplets, and charge electrodes and charge electrode con 
trollers for controllably applying a charge to individual ones 
of the droplets in each stream, the method comprising 

generating a modulation Waveform to operate the pressure 
modulator to cause droplets to be generated in each 
stream; 

operating the charge controllers to supply a charge signal 
Waveform to each charge electrode; 

comparing the charges applied to the streams of droplets 
to a reference or threshhold value; 

determining, a plurality of times in What number of the 
droplet streams the droplet charges exceed the refer 
ence or threshhold value and calculating a ?rst average 
value for the number, 

repeating the step of determining, a plurality of times, in 
What number of the droplet streams in Which the 
droplet charges exceed the reference or threshhold 
value and calculating a second average value for the 
number; and 

if the second average is less than the ?rst average previ 
ously calculated then reducing the threshhold or refer 
ence value. 

2. A method according to claim 1, Wherein, if the second 
average is less than the ?rst average then the second average 
is compared With a predetermined value and if the second 
average is less than the predetermined value then the thresh 
hold or reference value is adjusted until the second average 
is greater than the ?rst average. 

3. A method according to claim 1, Wherein the number of 
droplet streams determined as having droplets With a charge 
exceeding the threshold or reference value is determined 
individually. 

4. A method according to claim 2, Wherein the number of 
droplet streams determined as having droplets With a charge 
exceeding the threshold or reference value is determined 
individually. 

5. A method according to claim 1, Wherein there are 
groups or blocks of charge electrodes having a common 
charge controller, and the number of droplet streams deter 
mined as having droplets With a charge exceeding the 
threshold or reference value is determined in accordance 
With a determination carried out for each block or group. 

6. A method according to claim 2, Wherein there are 
groups or blocks of charge electrodes having a common 
charge controller, and the number of droplet streams deter 
mined as having droplets With a charge exceeding the 
threshold or reference value is determined in accordance 
With a determination carried out for each block or group. 

7. A multi-jet CIJ printer having 
a plurality of noZZles; 
a pressure modulator for causing streams of ink emitted 

from the noZZles to be broken up into individual 
droplets; 
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a plurality of charge electrodes and charge electrode 
controllers for controllably applying a charge to indi 
vidual ones of the droplets in each stream; 

means for generating a modulation Waveform to operate 
the pressure modulator to cause droplets to be gener 
ated in each stream; 

means for operating the charge controllers to supply a 
charge signal Waveform to each charge electrode; 

means for comparing the charges applied to the stream of 
droplets to a reference or threshhold value; 

means for determining, a plurality of times, in What 
number of the droplet streams the droplet charges 
eXceed the reference or threshhold value and calculat 
ing a ?rst average value for the number, repeating the 
step of determining, a plurality of times, in What 
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number of the droplet streams the droplet charges 
eXceed the reference or threshhold value and calculat 
ing a second average value for the number, and, if the 
second average is less than the ?rst average then 
reducing the threshhold or reference value. 

8. A CIJ printer according to claim 7 including means for 
adjusting the threshhold or reference value as a result of 
making tWo comparisons and ?nding that the value of the 
second average is less in both cases, Where the comparisons 
are: 

that of the ?rst and second averages, and 

that of the second average and the predetermined thresh 
hold or reference value. 


